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(57)Abstract: 



PROBLEM TO BE SOLVED: To solve a problem that an 
area to be occupied by a conventional substrate bias 
circuit such as charge pumping circuit is large and power 
efficiency is low. 

SOLUTION: A ferroelectric capacitor 1 and a dielectric 
capacitor 2 are serially connected and a connection 
midpoint thereof is connected to the substrate terminal 
of an MOS transistor 3. First of all, while keeping a V2 
terminal at 0 V (GND) at all the time, the positive 
impression voltage pulse of a peak voltage value Vin is 
impressed to VI. Next, when the Impression voltage to 
VI is made into 0 V. an intermediate node potential V3 
becomes +Vh and that voltage value is held. Such +Vh is 
used as a substrate bias of the MOS transistor. Besides 
when such circuit driving is performed while switching 
VI and V2, -Vh can be outputted. In an ideal system, in 
which a leak current from the V3 terminal to the other 
connecting terminal and the internal leak current of the 
capacitor itself do not iexist, the voltage of the V3 
terminal can be held infinitely in principle. 
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^ 2 Jits^ysjMs nT*5 0 e. HB^a^^M o s 

2S^S-mtC0V (GND) <i:L.T*5l^fc**, V 1 
(CV 1 'vcD^SnmflE* 0 VfCf Sir + ra/- H«fitV 3 

fc. V 1 tV2 5:Atl#x.TJifBllllKmi!ji&fi'-5<i:-V 
««E t + ~> ^' g #(D g|? U - i7 «SfE*^'#SE b /cC 



1 StS5mff=f 

2 Bl«f*t=«=^' zests' 

3 K)Sh^lJt^X9 



VI o 



V2 o 
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1 

t ^<ttm 1 X« 2 icfa«£©^#(*lHi 

iimi^mn.^^\ /•^ -> 2 cD«ffi*^*«^e<) c 

< c!:fe2lHJ^±ro«#?WS^^>-^^^<^*^^*=^'^'- 

IS^I?-^IK1! h 7 > v'X 5' ©SS^® t y — ^^^"^^ 

n-2. ^-r ^- H (CM A*^ 7 X arZf^^tt© 
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1 ©«st«ffistt#'4*^^ h7>>'x^'©y-:^^ 

[I«*J»9] ^2<7)#)ilirJ;OSiIfS^I^«{!^+r>'V>^' 
©IB 2 ©miS.t«tifEm#?;i^^ h 5 > ->*x ^ ©y - x*s 

3S8^ Sr^ < HlIfe«^?Ji^S h ^ > ->*x ^ ©&«^ss? ic 
0 ElrM©m)lEP»D*f73«3©^)(S<h. ««JfH§ttSSS?C 

EPj!JDbfcS)E*'>^i< ifc lia«-t- OVfcb< ttf^»t<?: 

2. 6, 7 ©v^m*^t-fe«<o¥#*^iiK. 

20 [0 0 0 1] 
[0 0 0 2] 

[0 0 0 3] Pi . . 0 = f • Ci . . i • V< / 

;^ ^J-i;^mtmw^mw^^^zmm^^o cmsm^izii 
v^T«> nmmiz\-i^m<o%winiz^^mmn.m^f3.< 

[0 0 0 4] Z.<D^oUmmm(D^^7.Uyy3--)l\' 

$-li:Tb^t,ifii«)I^*'IW^SVTMOS (Variable Thresh 
old-Voltage MOSFET) A^lS^^nXl/^S. (T. Kuroda e 
t. Al.. "A O. 9V, 150-MHz, lO-mW, 4iniif, 2-D Discret 
e Cosine Transform Core Processor with Variable Th 
resho Id-Volt age (VT) Scheme." IEEE J. Solid-State C 
ircuits. vol.31, 1996, p. 1770.) VTMOSlCfcV^T«. 

50 mm\z\tmmn&.^m<*'^-f'^o^ ^ ^ yv7.9<r>\^ 
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3 

[0 0 0 51 

3Ji£VTMosj$^i5Ttt. mmtV-mmRz^GNDm^^m 
[0 0 0 61 mi^m(^mm^m»iL. 

[0 0 0 71 

cDa««i4 * sii iffl-r ^ fc T- ab ^ „ 
[0 0 0 8] fti$:e<)('ti*3i 1 (o^mmncfcm^^^^ 

h iisfe^M * # L h ^ > X iS' *3 V i T 

>-:S'i:m9.i^=^^/-^>'i$'<Dmmmm.mm\z:idi-f^mm^ 

[0 0 0 9] if*:^ 1 WiaSS^jSt ®<M;^£l5]gSlt 30 

[0 0 101 *#;6<){c««j«2«)%i8*«»i;fc<»yi^g 

< t 2 fiKA±©«#3«!jmS h ^ > -^X ^ WS^SSg^ 
[0 0 1 1 ] tt5i<J*2 0|Hll^1ifit{C<J;tl. h^^v'X^ 

[0 0 12] :R^^6*){ca*3l3CD%?g*i|»bfe«fgt^© 

ii^=irm\zm.&=^mm-r^mi(D^mt, ^ntHMssi^om 
cit^i^istb^c. mmmiiLmm^^<Dmm-:^mx$> so 
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[0 0 131 t«*)«3CDlHlK^«i:^ffitCJ:l3. 

[0 0 14] mi^mzm^m4oymMmnurzm»imm 
it. m^m3Wim.(Dm2<Dmmizu^. n^^mmh^ 

>z^7.^a:>mmm.i}Lmm^i'^m<mm^'f-izpfim<Dm. 

<tfife€@3S^(cgnsDbfc«sE^'>;i< it) 1 miik±. 

0Vt)L<«gaA!ft-r-5^4©^«ii:. tflfSSIf3s4*S h 

[0 0 1 51 m^m4comfi,mw}-^m\zj:r), a«fi^ 

[0 0 161 m^m5(Dmmit. m^miiLiszcDrnfm 

izid^^x. mmi^^^ /-Ziyis' (D^mmmt. m^m^m 

[0 0 17] Mi^mzm^m6o:)mM*mcrcmm^^ 

mmxm^nrcm^mt^=^^'/-^i^^izi3t.^x, mim.^ 

coo 1 8] ai5KJi6®«fiKicj;o. mnmw=^^/^i^ 
^ im^ma-r^(D^x\ m.wm^mb^>i^7.^(DL 

[0 0 19] M:ii-m\zm^m7 (DftmrnnvfcM^^^ 

^> i!>/tc< tfc2®et±®«^^«S!h5>>'XiS'©» 
ffiSS^fc^gJL, *iia:1@®h^>v'X3'®S««ttS:l^ 

[0 0 2 0] iS*JS7CDlHli^«fiK(CJ:D. h^>>^X5' 
US r i v'^' *l8;lt < 

[0 0 2 1] Mi^mizm7km8<D^mmnvtzm^^^ 
it. m7^m6Rt^7\zmm(D^mm.i^^^/'iz^iS'<Dmi 

tgtlfSmif h ^ > v'X O y - XSST t CD 

mi^xmm $ iZ-r h ic*r lms^^isi/nw t x t 
-5®ttro«ff^Ep»p-rsmi®^flSt. afiis?sifi«(*:+ 

/t ^jj' 1 t «9IE«I^Sft*^ h 7 > >?X <D 

y-x4S?«jE*i/^mfc««cD«jitc«}#-rsii2® 
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So 

[0 0 2 2] m:^ms(DM^mW}^m\zj:o. 

CO 0 2 3] M:i^m\zm^m9(o^m^mcrcm^^m 

[0 0 2 4] tmm9(7)m^mW}yjm\zj:K). 

[0 0 2 5] M.i^m\zm^mi oco^bj^o^isu^cm?*^ 

^t^> IS^S^Sl. 2, 6. 7 {ZtiWL<Dmmz:^\^^X. M 

mmm v^yv7.9 t^w^m^ \zmi ^ ntz.^M^m 
[0 0 2 6] mim\ ^<D^mz^^. nmh^^vv 

[0 0 2 7] 

Vin = V 1 - V 2 =VF + Vc 

Q = Cc Vc 

Q = Cc(V in-VF) 

^-rci:tC^j:^p i^0CDA.^^i. V 2 ^i^iteb5^Ui«{*: 
^^A'/^>'^<7)>S^V 1 lCiE:5rR]C0«JEVin^Jn;^. SEE 

^VinTffiJ^bfc<h#(Z)Q*5j:mF^^LT(^^^o 
^*:^-VA'>^.^<^iffiTV 1 tClE:^lp3CD«JEVin$rJbDA;^ 

(7)B^) t;^j:^o il(D«E{ii^^V3^S2p<hLTVF=- 

vht^t-s^^ VI. V 2\m\zw^^nx\^^^ 
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vX:57 3(DS«Jg^lCgEjgS$nTl^^o *^cEI2lcS'r 

^'b\z. :icDf^^4^Fp1.«^^2eJ^±cOMOS h^>vX 
b $ n ^ flgy D 4 (7)^ h ^ > >^ X 

[0 0 2 8] ^i^\z. immz'Sk^'mim^ m\) (dw 
m^i^'^msiz^Dmmr^. 03 (a) \tmnmi^/ 
mni^^^/^yi^'p^t^^^^^<oy-\'n&y 3 \ZiE(Dm 

5^->S:^bTl^^o V2^T^«JC0V (GND) ^ 

bT*5i/^;^c^^> V i\z}d-^n&my\n<DiE(Dmnn 

j±y^)i:^^wnnt^t. V 1 ^oEPJotei^^^o v^cjtjio 

20 fcB#.'#^T4»r^iy-Hm^4V 3:0^>VhtC«J#$n^o C 
<7)IilK(7)ibfPMafc-::>ViTEI4 (a) . (b) ^ffli^T 

[0 0 2 9] 0 4 (a)coJ:'5t3^i^m#^^-\'/^>'^ 1 <^ 

/v>^^co$s?coEnjnm^v2^-r^o i^*. v2^g^ 

30 

(1) 

(2) 
<3) 

40 ^^?&^e>. Vl^}|^ftkbTl^m+'\'/t'>:$^2(D^?V 
2 l::iE::^fp]Jc®liVin^JbPx.. Vin^«}#Lfc<h^<7)Q 
:BJ:O^Ft^RiacOil«(3)<i: tX^U i/Xa«^<?)3S.^X.^ 
T-a^n^o V 2c^miE<&Vin;&^e»0[V]tCM"ra:. 

A- A t-:^^*^^«JBEJia!ll(2) (i: t X 5^ U S/X^ 

mtLXy¥=-^VhX$>^^^. VI. V2«0V 

\zmm^nx^^^o)x\ Wv^m^^^^'^y^tmni^^ 
^/^zy^<D^mmm.^\z^m^n^m&:y 3^t. -vht 

50 mf&^t^v/^y^^^coi^^o-^nmf^mm^iy 
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t^^^^m^. ms (a) . (b) izTjkLrzv 3t^^<D^m 

OS h^>>^Xi57 ScOVsub- VddfBlfeL<t^Vsub-V 

m^nrzmm^mf)^i.x^njfii:B:^\ <komm\zz.<Dm 
i¥^nom^\z\^. ^izmTT^Lui^^mmuos h^> 
z^7.^^mir. ^rB^y-}^\z^o:>\^U'i>mmhL<{t 
v-7.nm^mmi^x^-hmf£mm\zj:K)wmn^<D lo 

[0 0 3 0] u±(D^z>\z. m 1 (D^ou^mmw • m 

X. m-m^<DmwMf£xuos h^>z^7.:$^(Dmmm 
^^jEn^^rn<Dyj\^\zhmmmm^mi^!^^^mm 

tm^nm. (giicovi. v2. vdd. vg) ^ov 
^zLxhmmmm^—^mx^m^n^j^x^r). ^i^t^ 20 
<Dm:fi9J}m<Dm^^^'-i^:^>zfmmx&um^mm't 
^m^\zit-^x:ktsrjimn^mMt^m^;i ^i^^x^ 

t\z^om-miimmt)^i^iEM<DmBE^m±'r^^tf)^ 

[0 0 3 1] m6\tmi(Dnmmm\z^.^^m{^m^(D 
mmm^m^7j^vx\^^^o m5\tp^x,j]^±\zn'^^^:^^ 

JUUOSFET^^mjS.'^tlX^O. 2eBJ'MOSFE 

m^^vx^^^o m5\z:^^^x I o\tzy^jzi>mms 1 

0 0J^n^7x;P. 110Hp^7x;k 12 0«LOCO 

S-^ST I ;^j:i'(7)^T^J^gfiffl^li]K. 13 0^SS/Un> 

g^ftiKt) u< hmmim. 1 4 0 

n+#U>^U:3>;^cC^oy-h«®. 15 0«n+i£ffit 
@. 1 5 5«p+l£tS:B, 1 6 OUT'^X-TTEOSM 
i^cC^CDB^IJfe^M. 1 7 0\t^>^7.'r>r<^.^<DMm^ 
:2>^^hy^vC^. 1 7 St^MOS h^>>^X^<DS« 
HfiSiJWIBSEiS. 1 8 0 tiffi*|^ttiE«. 19 0\t^^> 40 
/5^3^>:^-f H«SK*J:<i:OAUT;^5^;K 2 0 

0«e^^j:<i:OTa^fl:@. 2 1 O^T'^XvTEOS^^ci: 
^cDig«{^M> 2 2 0«^5^>K>^;i/a>g^fi^P ZT 

[Pb (zr.Ti) 03] tsia(o^mmi^m. zso^i 
2 3 1 \tj^^m<D±mnm^mhx\^^^. ^kmrn^^^^ 

/t^>^^SEIS2 0 0. 2 2 0> 2 3 0X\ mni^^^/-^ 
i^i$^\t2 0 0, 2 10, 2 3 1 T^n-€^n^^$nTl/^ 

±g|5||ffi (2 3 0) mmi umA. PZT (2 2 
0) mms 0 0 nm(DW^ni^=¥^/^iy^\Z^i.. ±gR 
«S (2 3 1) mmi umM. TEOS (2 1 0) JK* 50 
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1 0 0 nmC0i^®i*:4-^/ti>^^ittyiJ}grcUfc«'&> M 

3 -eift§B u;t J: e> \z±mnm 2 3 o s: o v . ±gR«ffi 2 

3 1 IC+ 5 Vc^affi^&EPijpUfc^, i^ttS2 3 0. 2 3 
1 ^0 VtcT^^TSro® 2 0 0 tC- 1 VCOmBE^^^^ 

0) AW7X<hUTf^fflT^p C<^)AWT7.«EEti. 5* 
/I X mSfttt: ^ /t ^ g U - « 
P •J'X;H 1 0 a: n +ft£ffiJi 1 5 0 T^^^n^ 

y'^iy^ tw.m»^^/^i^t^(Dtsmit^-mzi.x:i^< 

[0 0 3 2] U:^. l^«^*:^-\'/V>:^CO#«^«^-*^ 

V. MOS h^>zy7.^<D^^'f-mmm%n:^mw.x^u 

[0 0 3 3] ^^\z. ^mmm^mxm^mi^m:tLx 
y^xvTEos (jti^fl:^4) ^mi^^rc:^^ ^^{ztt 

[0 0 3 4] 0 6t^L^t.^ffittEEV t ^0. 2V<h@a6 
Xl&<m^\^rcn-ch MOSh^>>^X:^ (W/L 
= 10/1 Mm, y-hKfbttl 0 nm) (Dir-hnm 
- \^\y-r>mWt^itX$>D. aS/t-rTX$r/^^;>^-^ 
fcLTa!lSL;^c3g^T*^ (Hl^-f >miE=0. 1 
V) o Z.<D^v\zm^\z1S:V Htl.rcUOSh^>zy7. 

^x{t. y-hm&f)^ov(Dt^x^. \^u^>mm.f)^ 
m5nAi5:<wtnmmmmti^m±^i±xi.^Oo 
m\z^.^mi<Dmmmxmmi.rc^^^m^K ccoh^ 

me^vmmz^*-hm.j£OYm(D]^u-r>m^'^^ 

1 pAi^4T<h;^cO*^3ffieA±f$««SiS<&®M"t?^'&c:<h 

[0 0 3 5] 0 5:feJ:C/0 6-Cti, 

IS 1 (D^Mm^Z-^^^X n - c h MOS h^>>^X:5'fC 

no)&w^^77.^iiFm'^^^m^^m\zmm^rTr:>rz 

p-ch MOS h^>>^X^tCiE<^SM/MTX 

/^iy^(Dmm^i^mmmmzmu'r^mf£^m^^ cv 

2 : +Vinyt;i/X^0, VI : 0 Vin/i;UXBIJD) 

in 

[0 0 3 6] (^2 (ommmm) ^^mcom 2 (o^mm 
m^mm\zm'o*^^xwim-r^. m7\tm2<DmmMm\z 

l«?iiJim+-^/t'>^. 3tiMOS h^>>^X^T* 
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T^i©ii)!i6caji:^<i^i;T*-s*^ $^i<Dmmm<Dm 

!S0 (01) tit^-t^t. l^«#:=*^^/1->iS'2*^=©BS 
[0 0 3 71 i>CtC, ll2(©ie*g0iJ«C*3ttSa*lE]gS (0 

7) <DmW}yjm^m9\z^'om.m-r^o m9<DmmEnz 

tt, 5tin-ch MOS h^>>'Xi5'Wy-XM%t 

Vs sttMOS h^>>'X:J' KOy-XS^" (SElfi) « 

^bTt,i-5. ;iCTtin-ch MO S h ^ >>'X:$'© 

[0 0 3 8] g3 9tt^^«fls::^V/1>'^' 
^©EPinftE/t^'-> (VI) i:-?-(75BtCD^2(75S®-r 
0|li:'3«J£ (V3) ^^LTt^-i). d^-f h* 5 (D)©:^ 

flESrV 1 (CPniDf-St. ^l^«#:+^A->:5' 1 MSlCtt 
Vin*^e. p njg^^-f :t- H 5©l£«[«fe (*^0. 7 
V) ^Mb?ll/>fcSffi*^Jat)-2.. ^CVlSrVs s|sl 

^n. mm.nmz-r?>t. v 3\z\t- \ v\n-o. 7 \<d 

M.m.m-Am^-r^z.ii\zri?>. c(Dm±Mmtmnn.#- 

-)inn-^77M^)-'p^m.iim^\^ts.^'mm%\zi^^^x 

h MOS h^>>'Xi5'roS««{4*S!lffll-t-2)S-&tc-:P 
ViTitt?3bfc;5^ p-ch MOS h7>>'X:^(CjSffl 
-r-S> (V3(CiE«ffi4^*$-B--5) S^CttHgWtJ^-f 
h'iV l«JE(OffittS:Ste^-a-tl«at>. ifeiJ, — 

«SJA«0 7©MOS h7>-:^X^3(DVsub 
- Vddia t) b < « Vsub- V^rnxz^-n^n-i TXftJE 

H u-'f >«a'b u < \xv-7.w&^mk\^xf- 

[0 0 3 9] J!i^±CDct'5 C> ia8«D=fc-5^«CMOS 
v'X 5' -V/l ?:#jD-r •5fctfr, 0 9 T' 
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mmmts jiO'pfs.^^mT^X'\B\mmi^*^x'^^z. 

t. PUaS/N'-f TX«BEtt*^^$-a-S©»r1SD»!©B] 
iPttlE V i nA^/jN $ < T t) ^ t, if If n ^ o i) 
f.I.'iStbTtt. |g2<75|IMfl^ffiTtiIEM«>S«A''f 7X 
«EE ^£5!^ $ -a * IC lEft roii^SttS ^ «^i^-r ^. £^ 
g^tSSIltTjifeSo lHl8SI9!ltlCj;oT. mii:^2W 

mii&mmizmm.i^rcmw'^^ 7 xm^n^n^etKomm 
^s^^xm^rniii^^K 

[0 0 4 0] m2<ommmm\zi^^^m'i^m^<DVSimm 

n=yi> (0S2 1O, 2 3 1) ^w^\-i\i±<^mt.fs. 

[0 0 4 1] (^3 (r>%imm i^mi<n% 3 <Ji%mM 
m^^mmzm-i^^xmrn-t^. ei 1 0 «ig 3 oiiMjgffi 

^^rni^9 i:SI«fls:=lr v /I -> 3^ i&iiyJSigg b fcSSA'-f 
TX^^lHl8&gR^i-«IB 1 ©«J£t^-elttWbfc'b©t±< 
|^i;-e$)^*^'. MOS h^>vX3'5rfl^fi£bTti-5)->'J 
20 3>S«*^S7it-5. 0 1 0lC*5lt-5>'Un>S««ilis& 
2 0 ± tmfeS-> U >»*iJ^fiK ^nfc S 
O I WSl ( i 1 icon O^n Xn s u 1 a t o 
r) i:II¥«tl.2.SST, ?i 0 ^ti-a-ffi-^^^-f :t >aA 
ffifCJ;i9f^iSSn-5. SI 0»SO lSS$;B0^fc^3 
«©SI]6gf^ffiT«'?x;l'«*^3?l?^)-St«6»IRl 2 Ot?^^ 

x;H 0 Oi:n'5'x;H 1 0 }g^gP*s^SE Lt^jI^o li 1 
30 »-r-5Ct*ttt?Bb;tj5^, ^1 i:lg3©|^J6Jg^T-S« 

/NW 7x«ffio«j#»#^i<&itiii-rti«m«*^«fc oMnx 

^ti;t s o I ^ 1 <o^mmm(Dsw<-< 

7xm&t<D^ti(b-rm2(DmmBm<Dmi&\z^^^x'bm 

[0 0 4 2] 

-a-. mii^^:^^h7>vx^oDS««fe*s«JW-rsfc<o 

[0 0 4 3] *S5!WfC*3ViTtt, i|^3Sf*:|518S*. m 1 

<D^m^Oy-XM®> h* U'f >M^t^2 CDSWMCD 

?'J}* l^lElgS »C :te It ^ 1^+ ^ «» W b T« 

50 B^bTV^SOT. fflSJit|B18StCT«lf^llSh^>>'X 
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II 

piH]K©mjg*oFFi vtzm-^-r^^mmmi^oim^ui^ 
i =b 2 eui± <Dn.m-m^m h ^ > v^x cgj 

[0 0 4 4] ?fiif«<*^-\'/N*->:5'il^m+^/'? 
•>^'©il?«JJg^[HlSS«M^^[gl{Cfl|ffi^EPJ!lD-r-S.^ 1 CO 

EE^^^-r^ciiti^-^mtrji^, u^s. m2<D^m\zm. 
&mmtQ^^m<nm^Tizmmvtzn.i^^'pti.< 

WSmjEEnJD *fT 5 IS 5 co^JB t (.i ^ d t J; 0 , 

[0 0 4 5] ^^(CSfc, BlJ©*^%0JtCt5t,iTtt, ^ 

/•^zy^<Dm2(Dmmtmm.mtzmm^rirzmfiSLii-t^:i 

h ^ > v' X O L ^ Viffi«JE < 19:it-r -2) a 
[0 0 4 6] ^^«{*:^r^A->5'W^l<D««a: 
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